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TO THE EDITOR
Nicotinic acid adenine dinucleotide
phosphate (NAADP) is the most potent
Ca2+-mobilizing messenger that regu-
lates many physiological processes
(Guse and Lee, 2008). Unlike inositol
trisphosphate (IP3) and cyclic ADP-
ribose (cADPR), which act on endo-
plasmic reticulum Ca2+ stores, NAADP
targets acidic endolysosomal Ca2+ stores.
Baﬁlomycin A1 (a vacuolar H+-ATPase
inhibitor) and glycylphenylalanine-2-
naphthylamide (GPN, which osmotically
lyses lysosomes) inhibit Ca2+ signaling
induced by NAADP, which show
that NAADP targets acidic stores in
cells (Churchill, et al., 2002). Ned-19,
a membrane-permeable antagonist of t
he NAADP receptor, inhibits NAADP-
evoked calcium signaling in a variety
of cells (Naylor et al., 2009). NAADP
produced in cells by external stimuli
is also released into the extracellular
medium by activated cells, and induces a
rise in cytosolic-free Ca2+ concentration
([Ca2+]i) in neighboring cells (Billington
et al., 2006; Park et al, 2013), indicating
that NAADP functions as an autocrine/
paracrine molecule.
Differentiation of keratinocytes con-
tinuously replenishes the upper layers of
human skin. One factor that contributes
to terminal keratinocyte differentiation
is elevated [Ca2+]i (Li et al., 1995).
At present, the Ca2+ signaling messen-
gers that are involved in keratinocyte
differentiation are not well deﬁned.
Therefore, we studied the poten-
tial role of NAADP in keratinocyte
differentiation using human epidermal
keratinocytes (HEKn cells). Biochemical
measurement of NAADP following
application of 10 nM NAADP to HEKn
cells showed a time-dependent uptake
that was blocked by dipyridamole
(DPR), a nucleoside transporter inhibitor
(Figure 1a). The uptake of NAADP into
HEKn cells was also conﬁrmed by mea-
surement of radioactivity following incu-
bation of cells with [3H]NAADP (Supple-
mentary Figure S1 online), which showed
that NAADP was quickly taken up by
HEKn cells. Next, we tested the effects of
externally applied NAADP on [Ca2+]i in
HEKn cells. Approximately 60% of
cells responded to NAADP (0.1 nM-1 μM)
with an increase in [Ca2+] (Supplemen-
tary Figure S2 online). The concentration-
response relationship was bell-shaped
with a maximal increase in [Ca2+]
observed at 10 nM (Figure 1b). Ned-19,
DPR, or baﬁlomycin abolished the Ca2+
signal produced by NAADP, whereas
8-bromo-cADPR (a cADPR antagonistic
analog), xestospongin C (XeC; an IP3R
blocker), and ryanodine showed no effect
on the Ca2+ signal produced by NAADP
(Figure 1c and Supplementary Figure S3
online). To exclude the possibility that the
effect(s) of NAADP on [Ca2+]i in HEKn
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Figure 1. Nicotinic acid adenine dinucleotide phosphate (NAADP) transport and external NAADP-
induced Ca2+ signals in human epidermal keratinocytes (HEKn) cells. (a) NAADP transport into HEKn
cells and the effect of dipyridamole on NAADP transport. (b) A comparison of Ca2+ levels 10 s after
treatment with different concentrations of NAADP. (c) Effect of 8-bromo-cADPR, Ned-19, dipyridamole
(DPR), and xestospongin C (XeC), ryanodine, and baﬁlomycin on NAADP-induced Ca2+ increase.
(d) Effect of baﬁlomycin, glycylphenylalanine-2-naphthylamide (GPN), Ned-19 (100 μM), XeC (2 μM), and
ryanodine on extracellular Ca2+–induced Ca2+ increase. (n stands for number of cells). A comparison
of Ca2+ levels 10 s after treatment with 1 mM Ca2+. Student’s t-test was used for statistics (¶Po0.05 and
¶¶Po0.01 vs. 10 nM NAADP group; *Po0.05 vs. 0.1 nM NAADP group; **Po0.05 vs. 10 nM NAADP
group; #Po0.05 vs. 1 mM Ca2+ group).
Accepted article preview online 10 February 2015; published online 12 March 2015
Abbreviations: CaR, Ca2+ receptor; cADPR, cyclic ADP-ribose; DPR, dipyridamole; GPN,
glycylphenylalanine-2-naphthylamide; HEKn, human epidermal keratinocytes; IP3, inositol trisphosphate;
NAADP, nicotinic acid adenine dinucleotide phosphate; XeC, xestospongin C
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cells was owing to the activation of
purinoreceptors (Greig et al., 2003), we
examined the effects of NAD, NADP,
ADP, and ATP (10 nM) on [Ca2+]i. NADP
and ATP produced only low amplitude
Ca2+ signals, whereas others showed no
effect (Supplementary Figure S4 online).
These results indicate that exogenously
applied NAADP is transported into HEKn
cells via nucleoside transporters and acts
on acidic stores to release Ca2+ into the
cytosol.
Activation of the Ca2+ receptor (CaR)
stimulates PLC-γ1 (Xie et al, 2005),
which is required for Ca2+-induced
keratinocyte differentiation. Therefore,
we examined the relationship between
the CaR- and NAADP-induced Ca2+
signals. Extracellular Ca2+ treatment of
HEKn cells induced a rise in [Ca2+]i,
which was signiﬁcantly reduced by baﬁ-
lomycin and GPN, or Ned-19 (Figure 1d
and Supplementary Figure S5 online).
XeC or ryanodine only partially blocked
the extracellular Ca2+-elicited Ca2+
increase. To further show that NAADP is
involved in CaR-mediated [Ca2+]i
responses, we determined the effects of
external Ca2+ on NAADP levels in HEKn
cells. Treatment of HEKn cells with 1mM
Ca2+ induced an increase in NAADP
levels with a peak at 6 s (Supplementary
Figure S6 online). These results show that
NAADP has an important role in CaR-
mediated Ca2+ signal.
To determine whether NAADP indu-
ces the differentiation of epidermal
keratinocytes into terminally differen-
tiated cells, expression levels of early-
and late-stage keratinocyte differentia-
tion marker expression were analyzed.
Protein expression levels of all markers
(keratin, involucrin, ﬁlaggrin, and lor-
icrin) peaked at 1–10 nM NAADP
(Figure 2a). Transglutaminases (TGases),
a Ca2+-dependent class of enzymes, are
required for the covalent cross-linking
of constitutive proteins such as involu-
crin and loricrin in terminal keratino-
cyte differentiation (Hitomi, 2005).
TGase activity was increased in HEKn
cells treated with NAADP with a peak at
10 nM (Figure 2b). Using the qPCR
method, we determined the mRNA
expression of TGase isoforms, TGase
1, 3, and 5, which are expressed in
epidermal keratinocytes. The expres-
sion levels of TGase 1, but not TGase
3 and 5, were signiﬁcantly increased at
10 nM of NAADP (Supplementary Figure
S7 online). These results show that
NAADP elevates the levels of mRNA
transcript encoding proteins that are
associated with keratinocyte differentia-
tion in HEKn cells.
Next, an in vitro wound scratch assay
with video time-lapse microscopy was
used to evaluate “wound closure” in a
monolayer of HEKn cells in the pre-
sence and absence of NAADP. In cells
treated for 14–19 h with NAADP, kerati-
nocytes showed a signiﬁcant accelera-
tion in their migration into the scratched
area (35.0±6% increase in the
NAADP-treated group than the control
group at 14 h; n= 3), similar to EGF/
IGF-1-treated keratinocytes (Figure 2c).
These results show that NAADP
enhances the migration and prolifera-
tion of epidermal HEKn cells.
To determine whether NAADP helps
in wound closure in vivo, we used
the acute barrier disruption model des-
cribed earlier (Grubauer et al., 1989).
We applied NAADP on the skin of
SHK-1 hairless mice for 3 days and
compared the expression levels of early-
and late-stage differentiation markers
in skin sections. Topical application
of NAADP (100 or 400 nM) induced
more regeneration of the epidermis
with increased expression of keratin,
ﬁllagrin, and loricrin compared with
control (Figure 2d and Supplementary
Figure S8 online). Western blot analysis
also showed increased expression levels
of these proteins (Figure 2e).
Recent studies have shown that
NAADP is involved in various physio-
logical and pathological processes in
different cell types, such as pancreas
and skeletal muscle cells (Aley et al.,
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Figure 2. Effect of Nicotinic acid adenine dinucleotide phosphate (NAADP) on human epidermal
keratinocytes (HEKn) cells differentiation. Western blot for early- and late-differentiation markers of
keratinocytes (a) and transglutaminase activity (b) of HEKn cells by treatment with extracellular NAADP for
4 days. (c) The in vitro scratch wound assay performed by microscopy. Migration ability was determined at
a different time following treatment with extracellular NAADP or EGF/IGF-1 (positive control).
Immunohistochemistry (d) and immunoblot (e) for keratinocyte differentiation markers on tissues. NAADP
and control buffer were applied topically to hairless mice (acute barrier disruption model) for 3 days.
Original magniﬁcation ×400. Bar = 50 μm. Student’s t-test was used for statistics (*Po0.05 vs. the
negative control group; #Po0.05, ##Po0.01 vs. the control group; ¶Po0.05, ¶¶Po0.01, ‡Po0.05,
‡‡Po0.001, †Po0.05, and ††Po0.01 vs. the control group).
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2010; Park et al, 2013). To our knowl-
edge, the present study is the ﬁrst to
demonstrate the importance of NAADP
as a Ca2+ signaling messenger in the
differentiation of keratinocytes. The
highly potent action of NAADP in
keratinocyte differentiation suggests
potential clinical applications for this
Ca2+ signaling molecule.
All animal studies were performed
according to a protocol approved by the
Institutional Animal Care and Use
Committee of the Chonbuk National
University Medical School.
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TO THE EDITOR
BRAF protein kinase is a crucial player
in melanoma, as it belongs to the highly
oncogenic RAS/RAF/MEK/ERK signaling
pathway (Matallanas et al., 2011), is
mutated in about 50% of melanoma
cases (Cantwell-Dorris et al., 2011), is
causally linked to melanomagenesis
(Dankort et al., 2009) and has recently
become a valuable therapeutic target
against metastatic melanoma (Menzies
and Long, 2014).
In the past years, the activity and
regulation of BRAF protein have been
studied extensively (Matallanas et al.,
2011). However, the regulation of BRAF
expression, which in principle is
equally important, has been largely ne-
glected. Here, we show that BRAF
mRNAs exist in at least two isoforms,
which differ in the length and sequence
of their 3′UTRs, and we discuss the
implications that this discovery may
have in terms of BRAF biology.
By performing 3′RACE in A375 mela-
noma cells, we obtained two most
abundant PCR fragments, which have
been cloned and sequenced (Figure 1a).
The A fragment corresponds to the 121 nt
long canonical (c) 3′UTR reported for
human BRAF in the most common data-
bases (Ensembl, ENST00000288602;
NCBI, NM_004333.4, polyA site at nt.
2442-47; Figure 1b, upper, Supplementary
Figure S1a and Supplementary Note S1
online). Conversely, the 1352nt long
fragment B corresponds to a BRAF tv
that so far has been only predicted
(XM_005250045.1 (BRAF tv X1), XM_
005250046.1 (BRAF tv X2), ENST0000
0496384). Interestingly, this BRAF tv,
which from now on we call X1, is trans-
cribed from an additional 19th exon
located ~8 kbp downstream of the last
canonical exon (the 18th) and is highly
conserved between humans, mouse,
and rat (Figure 1b, lower, Supplementary
Figure S1b and Supplementary Note S2
online).
In order to conﬁrm the results
obtained by 3′RACE, we used real-Accepted article preview online 16 February 2015; published online 12 March 2015
Abbreviations: ceRNA, competitive endogenous RNA; ORF, open reading frame; MRE, microRNA
recognition element; RNA-seq, RNA-sequencing; RBP, RNA binding protein; tv, transcript variant
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BRAF mRNA has Multiple 3′UTRs
